The molecular beam electric resonance technique has been used to examine the hyperfine spectrum of CsF to determine the nuclear quadrupole interaction of the cesium nucleus. A total of 95 transitions in vibrational states vϭ0Ϫ5 and rotational states Jϭ1Ϫ8 have been included in a fit to determine the cesium nuclear quadrupole and spin-rotation interactions, the fluorine spin-rotation interaction, and the tensor and scalar parts of the spin-spin interaction. Vibration and rotation dependencies of these constants have been determined, allowing correction for zero point vibration effects. This experimental Cs nuclear quadrupole coupling constant when combined with the electric field gradient calculated using a relativistic coupled cluster method yields a nuclear quadrupole moment of the Cs nucleus equal to eQϭϪ3.43098 mbarn. The vibrational dependence of the coupling constant is smaller than the theoretical estimate. The coupling constants we have determined are the following: eQ Cs q Cs ϭ1245.598(10)Ϫ14.322(25)(vϩ1/2)ϩ0.080 (14) ϫ(vϩ1/2) 2 ϩ0.0040 (22) 
I. INTRODUCTION
In order to determine the nuclear quadrupole moment of a nucleus it is necessary to combine an experimental measurement of the nuclear quadrupole coupling constant ͑NQCC͒ in an atom, molecule, or solid with a theoretical calculation of the electric field gradient ͑EFG͒. For the alkali metal nuclei the ground state atoms are not suitable because, as S states, they have no field gradient at the nucleus. Excited states can and have been used, but are limited in precision because they are short lived. The molecular beam technique gives the most accurate measurements of the NQCC, but calculating the EFG is more difficult.
In the case of the Cs nucleus a recent calculation by Pernpointer, Schwerdtfeger, and Hess 1 produces an EFG for the Cs site in the CsF molecule that may be more accurate than the previous measurements of the NQCC. 2 We have now completed a new set of molecular beam measurements of the hyperfine spectrum of CsF using a higher resolution specrometer. We have also examined a much larger number of vibrational and rotational states so that the dependence of the NQCC on rotation and vibration can be determined. The status of various previous measurements and calculations is discussed in these two references and will not be repeated here. Our experimental techniques and methods of analysis have also been described previously. 
II. THEORY
In dealing with diatomic molecules the conventional Hamiltonian is of the form
where, in the case of CsF, the possible hyperfine terms are
•⍀ Cs (3) ϩh Cs (4) •H Cs (4)
͑2͒
and
The pure hyperfine spectrum of CsF is dominated by the cesium quadrupole interaction, so that the appropriate representation to use is the one defined by the coupling
We have used the techniques of Edmonds 5 to find the matrix elements of the hyperfine terms in this representation. For the quadrupole, spin-rotation, and spin-spin interactions the conventions used in defining the molecular constants are well established. Each interaction is expressed in terms of a ''constant'' that is a product of two factors: one representing the nucleus and the other its environment in the molecule. For the nuclear quadrupole interaction, the coupling constant is expressed as eQq, where the ''nuclear quadrupole moment'' is defined as a͒ Electronic mail: ceder@stolaf.edu and the ''field gradient'' as 2) and z are with respect to the molecule-fixed symmetry axis.
The magnetic octupole and electric hexadecapole interactions are possible for the Cs nucleus ͑whose spin is 7/2͒, but were not expected to be significant, nor did adding either or both significantly improve the fit of our data. They have therefore been constrained to zero in fitting our spectra.
The factor in each interaction that describes the nuclear environment will generally depend slightly on the vibration and rotation states of the molecule. This dependence is treated as a series in (vϩ1/2) and J(Jϩ1), as derived by Schlier, 6 and has been described in a recent paper. 3 It provides the justification for representing this dependence as a series of the form
III. DATA AND ANALYSIS
The identification and fitting of the observed spectral lines has been made possible by a procedure described previously, 4 where a velocity-averaged Rabi lineshape is used to deconvolute overlapping transitions. This has allowed us to take into account the small residual Stark shifts of our near-zero field experiment, and fit for the zero-field line frequencies to a precision of a few Hertz.
All the observed lines are listed in Table I . The uncertainties quoted are one standard deviation estimates.
The fitting of the molecular constants to these line frequencies has been done using the singular value decomposition method, which has the effect of de-correlating the errors which feed into those of the fitted parameters. It also shows that there are no linear combinations of the parameters which are undetermined by the data.
The results are shown in Table II . The uncertainties listed in the table are again one standard deviation estimates. The reduced chi value of the fit, 1.057, indicates an excellent fit in terms of the estimated line frequency uncertainties.
Our hyperfine constants, when used to calculate the values for vϭ0,1,2;Jϭ1, all lie well within the ranges quoted by English, 2 with the exception of eQq for vϭ0, for which our value ͑1238.456 kHz͒ lies just outside theirs ͓1237.0͑1.3͒ kHz͔. In that case our value agrees with that quoted by Gräff and Runólfsson 7 ͓1238.3͑6͒ kHz͔. Our uncertainties are about 2 orders of magnitude smaller than those of previous measurements. This improvement is due to several factors. Our spectrometer has a much longer transition region, so that linewidths are narrower; we have observed a much larger number of transitions ͑95 compared to their 17͒; and our lineshape analysis procedure allows a more accurate correction for the residual Stark shifts.
Our value for eQq 00 , 1245.598Ϯ0.010 kHz, should be very close to the NQCC for the equilibrium separation of the two nuclei. The difference is due to the term ␣B 2 in Eq. ͑18͒ of Ref. 3 . The coefficient eQq 20 is given by an expression, ␦B 2 , which is similar except that the terms of ␣ are about an order of magnitude smaller than those of ␦. This suggests that the difference between eQq 00 and eQq e should be roughly an order of magnitude smaller than eQq 20 , and would therefore be smaller than the experimental uncertainty. A more accurate estimate of this correction, based on explicit evaluation of ␣ and ␦, is not currently feasible for two reasons: ͑1͒ It would require more accurate measurements of the harmonic coefficients a i than are currently available; and ͑2͒ our measurements of the higher vibration and rotation coefficents eQq i j are not sufficiently accurate. The value of eQq e should, in any case, lie within the experimental uncertainty range for eQq 00 .
Pernpointer et al., 1 using a relativistic coupled cluster calculation, have found a value of Ϫ1.5451 a.u. for the equilibrium EFG. When this is combined with our NQCC, it yields a value for the quadrupole moment of the cesium nucleus of eQϭϪ3.4309713 mbarn. The accuracy of this value is once again limited by the theoretical calculation of the EFG, certainly no better than 5 significant figures. It is also interesting to compare the experimental and calculated vibrational dependence of the NQCC. The calculated ratios q 10 /q 00 and q 20 /q 00 are Ϫ0.01295 and 0.0001387, respectively while the experimental values are Ϫ0.011498 and 0.000064. The measurements thus show a significantly weaker vibrational dependence than the calculations. Schwerdtfeger 8 has offered in explanation that the vibrational dependency was taken from a second-order manybody perturbation theory which may easily overestimate such effects, but that the equilibrium coupled cluster value should still be accurate. The present value of the Cs nuclear quadrupole moment should therefore be more accurate than any previously available. 
